Introduction
The establishment and management of a network of protected areas is a key component of global strategies to protect biodiversity and to conserve a representative sample of the Earth's ecosystems. Proclamation of protected areas is in itself no guarantee that the ecosystems therein will not become degraded, as they face a host of threats, including chronic shortages of management funds, legal and illegal resource use, climate change, pollution and invasion by alien species. Ongoing active management will therefore be needed to address these threats. Invasive alien species can pose significant threats to protected area ecosystems worldwide (Foxcroft et al. 2013a) , and one report (De Poorter 2007) identified 487 protected areas where invasive alien species were recorded as a threat. In Africa (with the notable exception of South Africa), very little is known about invasive alien species across the continent's protected areas (Foxcroft, Witt & Lotter 2013b) . A lack of information on the extent of these invasions, and the problems that they cause, ultimately translates into a failure to adequately provide for their management. As a starting point, therefore, it would be important to record the extent of the threats posed by invasive alien species to individual protected areas and to assess the options for achieving effective control (Van Wilgen et al. 2016) .
In this article, we report on the findings of surveys of invasive alien plants in the Serengeti-Mara ecosystem in East Africa. Prior to our survey, the only available information on alien plants in the This article provides a preliminary list of alien plant species in the Serengeti-Mara ecosystem in East Africa. The list is based on broad-scale roadside surveys in the area and is supplemented by more detailed surveys of tourist facilities in the Masai-Mara National Reserve and adjoining conservancies. We encountered 245 alien plant species; significantly more than previous studies, of which 62 (25%) were considered to have established self-perpetuating populations in areas away from human habitation. These included species which had either been intentionally or accidentally introduced. Of the 245 alien plants, 212 (including four species considered to be native to the region) were intentionally introduced into gardens in the National Reserve and 51 (24%) had established naturalised populations within the boundaries of these tourism facilities. Of the 51 naturalised species, 23 (11% of the 212 alien species) were recorded as being invasive within the ecosystem, outside of lodges and away from other human habitation. Currently, the Serengeti-Mara ecosystem is relatively free of widespread and abundant invasive alien plants, with a few exceptions, but there are extensive populations outside of the ecosystem, particularly to the west, from where they could spread. We address the potential impacts of six species that we consider to pose the highest risks (Parthenium hysterophorus, Opuntia stricta, Tithonia diversifolia, Lantana camara, Chromolaena odorata and Prosopis juliflora). Although invasive alien plants pose substantial threats to the integrity of the ecosystem, this has not yet been widely recognised. We predict that in the absence of efforts to contain, or reverse the spread of invasive alien plants, the condition of rangelands will deteriorate, with severe negative impacts on migrating large mammals, especially wildebeest, zebra and gazelles. This will, in turn, have a substantial negative impact on tourism, which is a major economic activity in the area. area was from Henderson (2002) who found 41 'problem' plants in the Ngorongoro Crater, 8 of which were considered to be native; a report by Bukombe et al. (2012) who recorded 13 alien plant species in the Serengeti National Park, including two species, Senna didymobotrya (Fresen.) H.S. Irwin & Barneby (Fabaceae) and Ricinus communis L. (Euphorbiaceae), which are often considered to be native; and a report by Clark, Lotter and Runyoro (2010) who listed 147 invasive alien and indigenous 'weedy' species in the Ngorongoro Conservation Area. Our surveys subsequently revealed that many of the alien species listed by Clark et al. (2010) are not invasive. Here, we provide an updated list of the introduced, naturalised and invasive alien plant species present. We then focus on six taxa that are expected to generate the largest impacts and review the degree to which they may be expected to impact the integrity of the SerengetiMara ecosystem. We also make recommendations regarding the management interventions that would be required to prevent or reduce these impacts.
Methods

Study site
The Serengeti-Mara ecosystem is a trans-border area that covers ± 100 000 km 2 in the northwest of Tanzania and southwest of Kenya (Figure 1 ). The core conservation areas consist of the Masai-Mara National Reserve in Kenya which covers ± 1500 km 2 , while the Serengeti National Park in Tanzania covers 14 750 km 2 . Both of these protected areas are surrounded by buffer zones such as inner and outer group ranches or conservancies in Kenya and the Ngorongoro Conservation Area, Loliondo Game Controlled Area and the Maswa, Grumeti and Ikorongo Game Reserves in Tanzania.
The area has varied vegetation and topography, including savanna, grassland, riverine forests, inselbergs (characteristic rock outcrops which rise suddenly above a plain) and wetlands. The mean annual rainfall is around 1000 mm, ranging from 508 mm on the plains to 1200 mm near Lake Victoria in the west, with a short rainy season in October and November and a longer rainy season from March to May. The ecosystem is well known for the migration of 2 million animals (mainly wildebeest, zebras and gazelles), which range between the Serengeti National Park and surrounding conservation areas and the Masai-Mara National Reserve and the adjoining conservancies, and the area is an important tourist destination. The area has a relatively large number of tourist roads and tracks, especially in the Masai-Mara National Reserve, and several lodges have been built, starting in the 1960s; these lodges and other tourist facilities, such as camping sites, can accommodate thousands of tourists, and many more staff and community members reside permanently within the ecosystem.
Species surveys
Species surveys were undertaken in the Serengeti-Mara ecosystem during or just after the rains, in order to facilitate plant identification, because actively growing and flowering plants are easier to identify. An initial series of field surveys was carried out in the Masai-Mara National Reserve between 04 and 11 April 2011. During this time, we drove along most of the roads and some of the jeep tracks in an area known as the 'Mara Triangle', the National Reserve Central Plains, the National Reserve East and Ol Derikesi and conservancies to the north (Mara North, Lemek, Ol Choro, Enonkishu) and along the periphery of conservancies to the east (Isaaten and Siana) (Figure 2) , with one observer recording the species seen, its status and approximate location. Coordinates, at or within 1 km, of each locality where an alien species was found to be present or naturalised, or invasive and spreading (as defined by Pyšek et al. 2004) , were recorded using a hand-held global positioning system (GPS) receiver. The methodology used was similar to that described by Henderson (2007) and Rejmánek et al. (2017) . Where we could not immediately identify a species, herbarium specimens were collected or photographs taken for later identification by taxonomists. In August 2016, we undertook a further road survey to record the extent of Parthenium hysterophorus L. (Asteraceae) (a species that is currently spreading rapidly, but that is also actively being managed in the 'Mara Triangle') to assess both the degree of spread between 2011 and 2016 and the effectiveness of management interventions.
Similar vehicle-based observations were undertaken during two trips en transit through the Serengeti National Park and Ngorongoro Crater in 2012. In addition, we conducted vehicle-based surveys in land adjacent to the protected areas, especially to the west of the Serengeti National Park, where small-scale farming and pastoralism are the main land-use practices. Finally, we consolidated our list with those of Bukombe et al. (2012) , Clark et al. (2010) and Henderson (2002) , based on the surveys they undertook http://www.koedoe.co.za
Open Access in the Ngorongoro Conservation Area and the Serengeti National Park.
Tourism facilities as pathways of alien plant introductions
Tourist facilities in protected areas can be an important source of invasive alien species. For example, Foxcroft, Richardson and Wilson (2008) surveyed 36 tourist camps and staff villages in the Kruger National Park, South Africa, and identified 258 alien plant species, several of which subsequently became important invaders of the surrounding ecosystem. We therefore surveyed the grounds of 24 tourist facilities (lodges or other accommodation sites, which often included relatively large, fenced grounds covered by natural vegetation) in the Masai-Mara National Reserve (Figure 2 ).
We noted all alien plant species present, and recorded whether the species had established naturalised populations within the tourism facilities and whether they had become invasive. Species were regarded as naturalised if they were considered to have been reproducing consistently, sustaining populations over many life cycles without direct intervention by humans . Species were recorded as invasive if they were found to be spreading beyond the fences or outside of the tourism facilities or other human habitation.
Evidence of impact of selected important species
Although many alien species have established in the Serengeti-Mara ecosystem, a relatively small number poses disproportionate threats, as they spread rapidly, have the potential to invade large areas and can generate large impacts. According to Clark et al. (2010) pose the biggest threat to the Ngorongoro Conservation Area. However, we are of the opinion that of these 11 species, only L. camara and five others, not listed by any previous studies, pose an even bigger threat to the whole ecosystem based on their recorded impacts elsewhere in the region or on the continent and their current and potential distribution in the region, especially in the SerengetiMara ecosystem (Illori et al. 2010; Maundu et al. 2009; McConnachie et al. 2011; Shackleton et al. 2017; Shackleton et al. in press ). All of these are known to be aggressively invasive and have the potential to substantially reduce the ability of rangelands to support grazing mammals, and several have other impacts, being allelopathic or toxic, or having an ability to affect the health of livestock or wildlife. The species were: For each species, we located published accounts on the nature and extent of impacts associated with the species, and summarised this information in brief accounts intended to illustrate the potential of the species to impact on the conservation value of the Serengeti-Mara ecosystem. http://www.koedoe.co.za Open Access
Results
Species surveys
During our roadside surveys, we encountered 62 alien plant species that had established adventive populations in the Serengeti-Mara ecosystem ( (Asteraceae) and others, which were probably all accidentally introduced or had moved unaided into the ecosystem from adjoining areas. These species were mainly confined to roadsides or other man-made disturbances and were not Source: The list was compiled from three sources: (1) surveys within the grounds of tourist accommodation facilities in the Masai-Mara National Reserve, (2) extensive road surveys throughout the region, and (3) species recorded in the Ngorongoro Conservation Area by Henderson (2002) and Clark et al. (2010) Source: The list was compiled from three sources: (1) surveys within the grounds of tourist accommodation facilities in the Masai-Mara National Reserve, (2) extensive road surveys throughout the region, and (3) species recorded in the Ngorongoro Conservation Area by Henderson (2002) and Clark et al. (2010) Source: The list was compiled from three sources: (1) surveys within the grounds of tourist accommodation facilities in the Masai-Mara National Reserve, (2) extensive road surveys throughout the region, and (3) species recorded in the Ngorongoro Conservation Area by Henderson (2002) and Clark et al. (2010) Source: The list was compiled from three sources: (1) surveys within the grounds of tourist accommodation facilities in the Masai-Mara National Reserve, (2) extensive road surveys throughout the region, and (3) species recorded in the Ngorongoro Conservation Area by Henderson (2002) and Clark et al. (2010) Source: The list was compiled from three sources: (1) surveys within the grounds of tourist accommodation facilities in the Masai-Mara National Reserve, (2) extensive road surveys throughout the region, and (3) species recorded in the Ngorongoro Conservation Area by Henderson (2002) and Clark et al. (2010) 
Naturalised within tourist facilities
Invasive outside of tourist facilities regarded as being transformers as described by Richardson et al. (2000) , in that they probably have negligible impacts on biodiversity or ecosystems over a large area. However, other species such as P. hysterophorus, which were probably also accidentally introduced or moved into the ecosystem unaided, are already widespread and abundant and pose a significant threat to biodiversity. A large number of alien species have also been intentionally introduced. were present in lodge gardens in the Masai-Mara National Reserve, and adjoining conservancies, they were not found to be invasive, unlike the situation within the Serengeti National Park and surrounding conservation areas where the former had escaped cultivation and established populations in the wild. Opuntia stricta and C. decapetala were not seen in any tourism facilities but were widely grown, especially as living fences, in villages within and immediately adjacent to the Serengeti-Mara ecosystem from where they have established populations in the natural vegetation. Another species that is probably not cultivated but nevertheless abundant on the edge of the ecosystem is C. odorata.
Our second roadside survey of the extent of P. hysterophorus in the Masai-Mara National Reserve revealed a significant densification of P. hysterophorus infestations within the National Reserve Central Plains and the establishment of numerous new infestations to the east (Figure 3) . However, intensive management in the form of ongoing control of P. hysterophorus over several years, using manual (handpulling) and chemical ( (Figure 4 ). Unless they are managed, these infestations are likely to expand, as the results of our second survey on P. hysterophorus in 2016 clearly demonstrated. This is very likely considering that climate suitability maps, developed by Kriticos et al. (2015) and McConnachie et al. (2011) , indicate that most of the Serengeti-Mara ecosystem is climatically suitable for the establishment of P. hysterophorus, especially the northwestern section ( Figure 5 ). Other invasive plant species such as C. odorata and Prosopis juliflora, which are currently abundant outside of the ecosystem, within predominantly communal lands to the west (Figure 4) , are also likely to spread into the ecosystem in the foreseeable future, if steps are not taken to prevent this.
Evidence of impact of selected important species
Our review of available literature on the impacts of six selected taxa revealed that each poses substantial threats to the Serengeti-Mara ecosystem, should they be allowed to spread and densify within the ecosystem or invade it from adjacent areas. Evidence for the main impacts are summarised below.
Opuntia stricta is a succulent shrub that was introduced from Central America, and it is regarded as a transformer species in savannas and arid grasslands (Henderson 2001 ). The species is highly invasive and forms dense stands, impeding movement and access across the landscape. In Madagascar, O. stricta has invaded land used for crop and pasture production, and has encroached on villages and roads, impeding human mobility (Larsson 2004) . Here, the cactus has had a negative impact on native grasses and herbs, and affects trees by inhibiting their growth and regeneration (Larsson 2004 ). The small spines (known as glochids) on the fruit, when consumed by livestock, lodge in their gums, on their tongues or in their gastrointestinal tracts, causing bacterial infections, while the hard seeds may cause rumen impaction, which can be fatal and which often leads to excessive, enforced culling of affected animals (Ueckert et al. 1990 ). Similar impacts have been recorded in Laikipia County, Kenya, where pastoralists have lost significant numbers of livestock (Shackleton et al. in press) . People who consume the fruits develop diarrhoea and may suffer from serious infections caused by the spines (Larsson 2004 
observ.).
Lantana camara is an invasive shrub or scrambling plant introduced from Central and South America. The species invades forest edges, savannas and degraded rangelands, where it forms dense, impenetrable thickets (Henderson 2001) . The species reduces biodiversity and threatens a host of rare and endangered species. In Australia, Turner and Downey (2010) identified 275 native plant species and 24 native animal species that were threatened by L. camara. In crop production systems in Southeast Asia, lantana has both reduced yields and increased management costs incurred by growers of durian, pineapples, bananas and rubber (Waterhouse 1993) . Lantana camara is also toxic to livestock, causing pastoral losses that were estimated at Aus$ 7.7 million in Queensland, Australia, in 1985, and which included There have even been recorded fatalities in people, especially children, after consuming the green fruit (CABI 2016; Sharma 2007) . Lantana camara can also alter fire regimes, allowing fires to penetrate into forests and woodlands that are normally resistant to fire (Berry, Wevill & Curran 2011; Day et al. 2003) .
Parthenium hysterophorus is an annual herb native to tropical America, which has become a widespread invader of rangelands and cropping fields in at least 34 countries in Africa, Asia, Australia and the Middle East (Adkins & Shabbir 2014 ). The species is allelopathic, which enables it to suppress natural vegetation in a wide range of habitats ( ). The weed was estimated to reduce stocking rates in Queensland, Australia, by 25% for light to medium infestations, and by as much as 80% for heavy infestations (McFadyen 1992) and by as much as 90% in India (Jayachandra 1971) . Parthenium hysterophorus also causes severe allergenic reactions (dermatitis, hay fever and asthma) in a large proportion of people who come into contact with it, as well as in livestock and wildlife (Patel 2011; Towers & Mitchell 1983) . The weed is now considered, by 90% of the farmers in the lowlands of Ethiopia, to be the most serious weed of croplands and grazing areas (Tamado & Milberg 2004 ).
Shrubs/trees in the genus Prosopis were introduced into East Africa in the 1980s, with some species and hybrids having already invaded over 1 million ha in Kenya, where they have the potential to invade nearly half of Kenya's surface area (Maundu et al. 2009; Witt 2010) . The species, including P. juliflora, were originally introduced to Kenya, and have recently invaded Tanzania. Invasive Prosopis spp. are associated with many negative impacts, thereby reducing grazing capacity (Ndhlovu, Milton-Dean & Esler 2011) , eliminating many species from invaded ecosystems (Dean et al. 2002; Schachtschneider & February 2013; Shackleton et al. 2015; Steenkamp & Chown 1996) and reducing water resources (Dzikiti et al. 2013 ). Thus, despite some benefits in the form of fuelwood and edible pods (livestock fodder), Grey shading depicts the Eco-climatic Indices (suitability of each location); the darker the shading, the more suitable the climate in that area is for Parthenium hysterophorus to establish and proliferate. their overall net economic contribution is negative, and set to worsen further as the species continues to spread (Wise, Van Wilgen & Le Maitre 2012) . In Ethiopia, P. juliflora has reduced understorey cover for perennial grasses from 68% to 2%, and has reduced the number of grass species from seven to two (Kebede & Coppock 2015) ; in South Africa, a relatively light Prosopis spp. invasion (15% cover) led to a 34% reduction in the grazing capacity (Ndhlovu et al. 2011) . By transforming habitats and eliminating pasture species, P. juliflora is threatening the survival of Grévy's zebra (Equus grevyi) in invaded areas (Kebede & Coppock 2015) . Dense stands reduce access and impede the movement of people and animals, while the thorns frequently cause injury. Local communities in Kenya, Sudan, Eritrea, Malawi, South Africa and Pakistan have all reported negative consequences of these invasions (Brown, Boudjelas & De Poorter 2004; Pasiecznik et al. 2001) . In semi-arid parts of Africa, Prosopis trees have depleted the natural resources on which many thousands of people depend, spawning conflict between communities over the diminishing resources.
Chromolaena odorata is a scrambling shrub introduced from Central America. It is an aggressive invader of savanna ecosystems, where it has the potential to transform the vegetation (Henderson 2001) . One mature plant can produce roughly 1 million seeds per year, which enables rapid spread and the establishment of large populations over a relatively short period (Witkowski & Wilson 2001) . Its ability to form dense, impenetrable thickets leads to the displacement of native plant species (Te Beest, Esler & Richardson 2015a), while the dry stems and leaves, which are rich in oils, also increase fire intensities (McFadyen 2004) , contributing to additional biodiversity loss. In South Africa, infestations are impacting negatively on the breeding biology of the Nile crocodile (Leslie & Spotila 2001) , while in Cameroon it is displacing native species in the family Zingiberaceae, a major food source for the endangered western lowland gorilla (Van der Hoeven & Prins 2007) . In Southeast Asia, it is a serious weed affecting oil palm, rubber, coffee, cashew, fruit and forestry (Waterhouse 1993 Tithonia diversifolia is an annual or perennial shrub introduced from Central America, which invades savannas and grasslands (Henderson 2001) . The species forms dense stands which can displace native plants and the animals associated with them. Its production of numerous small, light seeds, coupled with its ability to spread vegetatively, allows it to invade and to establish readily and rapidly in new locations (Muoghalu & Chuba 2005) . In Nigeria, it was shown to reduce species diversity in invaded plots by 25% (Oludare & Muoghalu 2014 ), displacing native vegetation in wetlands (Borokini 2011) , and contributing to the local extinction of valued native species, including some important medicinal plants (Oludare & Muoghalu 2014) . It is even reported to be out-competing the formidable invasive shrub C. odorata (Olubode, Awodoyin & Ogunyemi 2011) . As such it is now considered to be one of the most damaging of all invasive plant species in Nigeria (Borokini 2011) . Tithonia diversifolia also competes with agricultural crops (Illori et al. 2010 ) and invasions have reportedly led to the abandonment of some farms in the Copperbelt region of Zambia (A.B.R. Witt pers. observ., 2010).
Discussion
Potential impacts on the Serengeti-Mara ecosystem
Many exotic species, that have the potential to become invasive, do not always spread rapidly when first introduced to a new environment, but the rate of spread often increases once the species has naturalised and becomes invasive.
Many of the species we recorded have not been found in the Serengeti-Mara area until relatively recently, so we can reasonably expect the rate of spread into currently uninvaded areas to increase in the near future. Although it is sometimes assumed that relatively unmodified ecosystems (such as the protected areas of the Masai-Mara and Serengeti) will be resistant to invasions, there is also evidence to the contrary. For example, the establishment of C. odorata can be facilitated in savannas and grasslands by small-scale disturbances that create micro-sites for establishment, ultimately aiding their long-term persistence in grass-dominated areas (Te Beest, Mpandza & Olff 2015b) . This is borne out by the fact that C. odorata has aggressively invaded savanna vegetation in the Hluhluwe-Imfolozi Park in South Africa (Dumalisile 2009; Howison 2009 ). It cannot be assumed that these protected ecosystems will remain uninvaded. Parthenium hysterophorus is also invasive in many other protected areas in Africa, and we have observed that this species, which is often regarded as only being able to invade disturbed or over-grazed areas, establishes readily on termite mounds that are scattered across the Serengeti-Mara landscape, providing widespread foci from which further invasions can commence.
Although invasive alien plants pose substantial threats to the integrity of the Serengeti-Mara ecosystem, this has not yet been widely recognised. For example, in a recent comprehensive treatment of the ecology and conservation of the Serengeti (Sinclair et al. 2015) , invasive alien plants are only mentioned once, where it is stated that:
although the exact extent of these invasions is not known, these species have taken over grasslands in other ecosystems and could exclude wildebeest from accessing critical areas in the future. (p. 168) Given that the large numbers of grazing mammals are dependent on good-quality forage, and given further that invasions by the alien plant species currently establishing in the area can reduce carrying capacities by up to 90% (Jayachandra 1971; McFadyen 1992; Ndlovu et al. 2011; Yapi 2014) , large impacts can be expected. For example, Ogutu et al. (2009) found that the abundance of six large grazing mammal species declined markedly and persistently throughout the Masai-Mara National Reserve between 1989 and 2003 , and that the declines were contemporaneous with progressive habitat deterioration because of a range of factors, although invasion by alien plants was not considered.
The Serengeti wildebeest population is regulated by food supply, and the main cause of mortality (75% of cases) was found to be under-nutrition (Mduma, Sinclair & Hilborn 1999) . Rampant invasion would almost certainly result in large losses of rangeland fodder, leading to drastic declines in populations of wildebeest and other large grazing mammals. A drastic decline in wildebeest numbers would trigger many changes, as wildebeest are currently remarkably abundant, and influence virtually every dynamic of the ecosystem (Grant et al. 2015) . Thus, plant invasion could potentially have big effects not only on ecosystem integrity and productivity but also on tourism, which is a very important contributor to the economies of both Kenya and Tanzania.
Appropriate management responses
Given that alien plant invasions pose large threats to the Serengeti-Mara ecosystem, it would seem prudent to develop and implement control programmes to reduce the severity of these threats. We propose that three key interventions should be implemented as a matter of urgency. Firstly, all alien plant species, especially those that are known to be naturalised, invasive or potentially invasive, should be removed from the grounds of tourist facilities. Secondly, control programmes aimed at eliminating outlier populations should be implemented to slow spread. Finally, biological control solutions should be implemented wherever possible. We discuss each of these in the following sections.
Removal of alien plants around tourist facilities: All alien plants, whether invasive or not, should ideally be removed from the grounds of any developed parts of the protected areas. Tourist and staff facilities can be a major source of invasive species, and this would be best addressed by removing all alien plants while populations are still small. In the Kruger National Park, South Africa, Foxcroft and FreitagRonaldson (2007) found that the park staff played a major role in facilitating alien plant invasions. Staff members unwittingly introduced alien species into the gardens of tourist camps as well as into their own gardens, for ornamental and other uses. Many species subsequently escaped and became invasive. Attempts to remove these species began in the mid-1980s, but there was significant resistance from the residents towards the alien plant control team for many years (Foxcroft et al. 2008 ). This was overcome as an understanding of the problem grew, and strategies employed by the Kruger National Park team included an initial focus on high-risk species (leaving lower-risk species in place in the meantime), and clearing gardens whenever there was staff turnover that resulted in temporary vacating of houses. Similar problems can be expected in the SerengetiMara ecosystem. However, there is legislative and other support for invasive species interventions in and outside of protected areas in Africa, and specifically in Kenya, which would provide strong justification for the removal of alien species in the face of resistance ( Table 2) .
Implementation of control programmes:
Control programmes should be initiated as soon as possible, with priority being given to lightly invaded areas, isolated populations or the edges of invading populations. Higgins, Richardson and Cowling (2000) demonstrated that clearing strategies that prioritised low-density sites dominated by juvenile alien plants proved to be significantly more cost-effective than strategies that targeted densely invaded areas. These authors also found that delaying the initiation of clearing operations considerably increased the eventual costs of control and the risks to native biodiversity. Such early interventions can be very effective, as shown by the results of clearing of P. hysterophorus in the 'Mara Triangle' (Figure 3 ).
Implementation of biological control:
We strongly advocate the fullest possible use of biological control, which should be integrated with other control practices, wherever possible. Biological control is a safe, inexpensive and sustainable Various objectives and actions including awareness creation, prevention, capacity development and control including the 'sensitization of law enforcers to enhance and enforce existing legislations that bar introduction of exotic species into protected areas as per the various acts' (Kanga et al. 2013) .
Wildlife Conservation and Management Act, 2013 (Kenya) Section 93 states that anyone knowingly introducing an invasive alien species into a wildlife conservation area, or failing to comply with the measures prescribed by the Cabinet Secretary, as set out under the Act, will be committing an offence (Kenya Wildlife Service 2016).
African Convention on the Conservation of Nature and Natural Resources (1968) Requires all parties to prohibit the entry of zoological or biological species, whether indigenous or imported, wild or domesticated, that may cause harm to protected areas (African Union 2016).
Protocol concerning Protected Areas and Wild Fauna and Flora in the East African Region (Nairobi, 1985) Calls for the adoption of appropriate measures to prohibit the intentional or accidental introduction of alien or new species which may cause significant or harmful changes to the sub-region. Calls for contracting parties to take measures to regulate the introduction of non-indigenous animal or plant species into protected areas (Environmental Treaties and Resource Indicators 2016).
option for gaining control of many invasive alien plant species. The main benefits of biological control are that the agents establish self-perpetuating populations and often establish throughout the range of the target weed, including areas that are not accessible for chemical or mechanical control; control of the weed is permanent; there are no negative impacts on the environment; the cost of biological control programmes is low relative to other approaches, and in most cases only requires a once-off investment; and benefits can be reaped by many stakeholders independent of their financial status and irrespective of whether they contributed to the initial research (Greathead 1995 (Winston et al. 2014 ). These so-called 'classical' biological control projects have been conducted in a total of 90 countries (Winston et al. 2014) , with an excellent record of safety and success (Van Wilgen, Moran & Hoffmann 2013 ).
There are already several agents that would be available for use against major weed species that currently threaten the Serengeti-Mara ecosystem. For example, infestations of O. stricta have been brought under control in the Kruger National Park, South Africa, by the introduction and establishment of a sap-sucking bug, Dactylopius opuntiae (Cockerell) (Dactylopiidae) (Foxcroft & Hoffmann 2000; Hoffmann, Moran & Zeller 1998) . This classical biological control agent was recently released on O. stricta in Laikipia County, Kenya, where it has established and is reducing the density and spread of this invasive cactus. In Australia, the ability of P. hysterophorous to form tall and dense invasive stands has been considerably reduced through the release of multiple biological control agents, thus substantially increasing the effectiveness of other control interventions (Dhileepan & McFadyen 2012) . Work on developing suitable biological control for P. hysterophorus has been initiated in South Africa, building on the work in Australia (Strathie, McConnachie & Retief 2011) , with a number of agents already having been released in the field. A chrysomelid beetle, Zygogramma bicolorata Pallister (Chrysomelidae) has also been released in Ethiopia and around Arusha, Tanzania, although establishment in the field is yet to be confirmed. Biological control research in South Africa has also addressed L. camara (Urban et al. 2011) , with a number of these agents already present in East Africa. However, some newly released and established agents in South Africa could complement those agents already present in Kenya and Tanzania, such as the flowerbud-galling mite Aceria lantanae (Cook) (Eriophyidae) and the root-feeding flea beetle Longitarsus bethae (Chrysomelidae) (Urban et al. 2011) . Attempts have been made to establish the gall-forming fly, Cecidochares connexa (Macquart) (Tephritidae), on C. odorata in northwestern Tanzania, but we will only be able to confirm establishment at the end of 2017. A number of other agents for the control of C. odorata have also been released and have subsequently been established in South Africa (Zachariades et al. 2011b) . A number of seed-feeding beetles have been released in South Africa and elsewhere for the control of invasive Prosopis species (Zachariades et al. 2011a) , and research is currently underway to develop agents that feed on the vegetative parts of this invasive tree. Research has also been initiated in South Africa to develop agents for the control of T. diversifolia (Simelane, Mawela & Fourie 2011) . It is imperative that the Kenyan and Tanzanian authorities work together to facilitate the introduction, mass rearing and release of additional classical biological control agents to complement any current and future invasive plant management strategies in the Serengeti-Mara ecosystem. Failure to do so would result in the possible demise of one of the natural wonders of the world, the annual wildebeest migration.
